The bacterial agent of swine dysentery was established by Taylor and Alexander in the United Kingdom (49) and by Harris et al. in the United States (11) . This organism has a typical spirochete ultrastructure (protoplasmic cylinder, endoflagella, and outer sheath) and requires anaerobic conditions for cultivation (9, 11, 22) . Inasmuch as host-associated, anaerobic spirochetes are classified as members of the genus Treponema (42) , the agent of swine dysentery was named Treponema hyodysenteriae (11) .
Initially, both pathogenic and nonpathogenic strains were classified as T. hyodysenteriae (24) . Colonies of nonpathogenic strains were described as weakly beta-hemolytic, whereas those of pathogenic strains were described as strongly beta-hemolytic (24) . More recently, Miao et al. (35) found a level of relative reassociation of 28% between DNAs from pathogenic strains B204 and A-1 and DNAs from nonpathogenic strains B256T (T = type strain) and 4/71. Strains B204 and A-1 exhibited 80% DNA sequence homology with each other, and the nonpathogenic strains exhibited 90% sequence homology with each other. These results indicated that the pathogenic strains and the nonpathogenic strains are genetically distinct species. The nonpathogenic organisms were reclassified as a new species, Treponema innocens, represented by type strain B256 (23) .
There is substantial evidence that T . hyodysenteriae and * Corresponding author.
T. innocens are genetically distinct from other known spirochetes, including other Treponema species. The guanineplus-cytosine (G+C) content of DNA from either T. hyodysenteriae B204 or T. innocens B256T was estimated to be 25.8 mol% (35) . This value is significantly lower than the value of 53 mol% reported for the DNA of Treponema pallidurn (34) , the type species of the genus Treponema (42) . T. hyodysenteriae B204 and A-1 and T. innocens B256T exhibited negligible levels of DNA sequence homology (4%) with T. pallidum Nichols, Treponema phagedenis biotype Reiter, or Treponema refringens biotype Noguchi (35) . 16s rRNA catalog comparisons have shown that T. hyodysenteriae 94A007 (a subculture of strain B204) has unique 16s rRNA regions that distinguish it from various other spirochetes, including members of the genera Spirochaeta, Treponema, Leptospira, and Borrelia (38) . T. hyodysenteriae has been considered a distinct line of spirochete evolution and, accordingly, a representative of a distinct spirochete genus (38) . Neither the study of levels of DNA sequence homology between spirochetes (35) nor the 16s rRNA cataloging study of spirochetes (38) included an analysis of strain B78, the type strain of T . hyodysenteriae. In addition, the 16s rRNA from T. innocens was not analyzed.
In this study we used sodium dodecyl sulfate (SDS)polyacrylamide gel electrophoresis (PAGE) of cell proteins, 16s rRNA sequence analysis, restriction endonuclease analysis of DNA, and DNA-DNA reassociation experiments to IP: 54.70.40.11
On: Tue, 11 Dec 2018 12:19:21 VOL. 41, 1991 We also describe methods which can be used to distinguish these species from each other and from other spirochetes.
MATERIALS AND METHODS
Bacterial strains. The spirochete strains used in this study are shown in Table 1 . In accordance with our proposal to designate a new genus for T. hyodysenteriae and T. innocens, the names Serpula hyodysenteriae and Serpula innocens are used in Table 1 and below. The conditions used for culturing and maintaining bacteria and additional strain characteristics have been described elsewhere (6, 23, 24, 35, 46, 47) . Cells were harvested during the exponential phase of growth.
DNA-DNA reassociation. The levels of DNA sequence homology among the various spirochetes were estimated from the results of DNA-DNA reassociation experiments. DNA was extracted from bacterial cells (2 to 3 g, wet weight) by using the techniques of Marmur (33) , except that proteinase K (total weight, 2 mg) was added after cell lysis by lysozyme-SDS and cell lysates were incubated for 3 to 4 h at 37°C to ensure protein degradation. The abilities of DNAs from various organisms to hybridize with one another were determined by John L. Johnson (Department of Anaerobic Microbiology, Virginia Polytechnic Institute and State University), who used the S1 nuclease method (19, 20) .
Electrophoresis of bacterial proteins. The spirochetes were compared with one another on the basis of the electrophoretic banding patterns of their soluble and CHC1,-extracted proteins. Soluble cell proteins were obtained by sonicating (Branson model 250 Sonifier, three 30-s bursts, setting no. 1) approximately 2 x lo1' cells in 2.5 ml of ice-cold 0.01 M Tris hydrochloride buffer (pH 7.4). Unbroken cells and cell debris were removed by centrifugation (12,000 x g, 45 min), and the supernatants were used for electrophoresis. Chloroform-extracted proteins in a volume of 0.2 ml were obtained by treating whole cells from 6 ml of culture broth with CHCI, (1) . Although this technique releases periplasmic proteins from other bacteria (l), the cellular location of proteins released by treating spirochetes with CHC1, is unknown. Consequently, the term CHC1,-extracted proteins is used below. Both soluble and CHC1,-extracted proteins were denatured and separated by electrophoresis in SDS-containing polyacrylamide gels (16 by 16 by 0.75 cm, 5% [wt/vol] polyacrylamide stacking gel, 12% [wt/vol] polyacrylamide resolving gel), using standard electrophoretic techniques (27) . Proteins were stained with Coomassie blue R-250. Electrophoretic similarities between bacteria were evaluated by visually examining photographs of gels and estimating the percentages of protein bands with common alignments and relative staining intensities. Protein standards for molecular weight determinations were purchased from Bio-Rad Laboratories, Richmond, Calif.
Restriction endonuclease analysis. T . succinifaciens 6091T DNA was isolated as described above. Otherwise, bacterial DNAs were obtained by ultracentrifugation (Beckman type Vti 65 rotor, 4 h, 404,000 x g) of cell lysates in a CsCl solution as described by Hull et al. (14) . DNAs were digested with endonucleases BglII (Bethesda Research Laboratories, Inc. , Gaithersburg, Md.), Hind111 (Bethesda Research Laboratories), and Sau3A (Boehringer Mannheim, Indianapolis, Ind.) by using incubation conditions recommended by the manufacturers. DNA fragments were separated in a 0.8% agarose gel by horizontal electrophoresis (40).
16s rFWA isolation and sequencing. rRNAs were isolated and partially purified by using a modification of the procedure of Pace et al. (36) , as previously described (37) . The 16s rRNA sequences of bacteria were determined by using an adaptation of the Sanger dideoxy chain termination technique (28) . Primers complementary to conserved regions of the 16s rRNA sequences were elongated by reverse transcriptase. Eight primers were used to determine the sequences of 1,375 to 1,443 bases (90 to 95%) of the 16s rRNAs. Additional modifications of the procedures used have been described previously (8, 38) . For the construction of a similarity matrix (see Table 4 ), the 16s rRNA sequences for Spirochaeta halophila , Borrelia burgdorferi, Leptonema illini, and Leptospira b$exa were kindly provided by C. R. Woese, University of Illinois. The 16s rRNA sequences for Escherichia coli, Bacteroides fragilis, and Fusobacterium heparinum have been published elsewhere (3, 50) .
RNA sequence data were entered and aligned by computer (37) . The program set for 16s rRNA data entry, editing, sequence alignment, secondary structure comparison, similarity matrix generation, and tree construction was written in Microsoft QuickBASIC for IBM PC-AT and compatible computers. Unique regions of 16s rRNA were determined by computer search. Levels of 16s rRNA similarity among organisms were calculated by comparing positions at which bases could be unambiguously aligned (approximately 1,200 bases) (28) . The similarity matrix was corrected for multiple base changes at single locations by the method of Jukes and Cantor (21) . Dendrograms were constructed by the modified unweighted pair group method of Li (31) . 52 STANTON ET AL. INT. J. SYST. BACTERIOL. '' Reassociation values determined by using the S1 nuclease technique (19) .
Nucleotide sequence accession numbers. Nucleotide sequence data are available from the EMBL, GenBank, and DDJB nucleotide sequence databases under the following accession numbers: Serpula hyodysenteriae B78T, M57743; Serpula hyodysenteriae B204, M57741; Serpula hyodysenteriae A-1, M57742; Serpula innocens B256T, M57744; Serpula innocens 4/71, M57745; T . succinifaciens 6091T, M57738; T. bryantii RUS-lT, M57737; Spirochaeta halophila, M34262; Leptonema illini, M34118; Leptospira bflexa, M34261; Spirochaeta aurantia, M57740; and T . phagedenis, M57739. Table 2) showed that there was 93% DNA sequence homology between strains B78T and B204 of Serpula hyodysenteriae and 87% DNA sequence homology between strains B256T and 4/71 of Serpula innocens. Serpula hyodysenteriae strains had an estimated level of DNA sequence homology with Serpula innocens strains of 37 to 41% ( Table 2 ). In contrast, there was a very low level of homology ( 5 5 % ) between DNA from T . succinifaciens 6091T and DNA from the type strain of either Serpula hyodysenteriae or Serpula innocens.
RESULTS

DNA sequence homology. Reassociation studies (
Protein electrophoresis. SDS-PAGE of proteins from CHC1,-treated cells revealed 30 to 40 bands for each bacterial strain (Fig. 1 ). The banding patterns for four strains of Serpula hyodysenteriae were similar; that is, 96% or more of their proteins had the same alignment ( Fig. 1 and Table 3 ). There was a level of similarity of 79% between the protein band patterns of two strains of Serpula innocens. When the Serpula hyodysenteriae electrophoretic patterns were compared with those of Serpula innocens, 38 to 49% of the bands aligned (Table 3 ). In contrast, 20 to 31% of the protein bands of Serpula hyodysenteriae and Serpula innocens aligned with the protein bands of T . bryantii and T. succinifaciens. These relatively low values can be attributed to random alignment since the same percentage (23 to 28%) was found between E. coli bands and either Serpula hyodysenteriae or Serpula innocens bands ( Table 3) .
Electrophoresis of proteins from sonicated bacteria revealed 50 to 60 major bands for each strain (data not shown). For any two strains, the percentage of similarity in the electrophoretic profiles of these soluble proteins was essentially the same as the percentage o5served for CHC1,extracted proteins.
Restriction endonuclease analysis. Although there were common bands in the electrophoretic patterns of fragments of BglII-digested DNAs from Serpula hyodysenteriae strains, overall the patterns were heterogeneous (Fig. 2) . Heterogeneity was also observed after electrophoresis of DNAs cut with Hind111 and Sau3A (data not shown). There was no common electrophoretic pattern for BglII-digested DNA fragments from Serpula hyodysenteriae , Serpula innocens, T. succinifaciens, and E . coli (Fig. 2) .
16s rRNA sequence analysis. A sequence similarity matrix for Serpula hyodysenteriae, Serpula innocens, eight additional species of spirochetes, and E . coli is shown in Table 4 . A dendrogram representing the phylogenetic relationships among these organisms and three additional bacterial species is shown in Fig. 3 . The 16s rRNA sequences of three Serpula hyodysenteriae strains were almost identical (levels of similarity, 99.8 to 99.9%, indicating one or two base differences in the 16s rRNAs). Serpula innocens B256T and 4/71 were closely related to the three strains of Serpula hyodysenteriae, with average levels of similarity of 99.4 and 99.0%, respectively. The two strains of Serpula innocens had a level of 16s rRNA similarity of 99.2%. In contrast, strains of Serpula hyodysenteriae and Serpula innocens were only distantly related to other spirochetes (average levels of similarity, about 76.5%).
Serpula hyodysenteriae and Serpula innocens were related to E. coli at an average level of similarity (74.2%) that was close to the level (76.5%) obtained in sequence comparisons of Serpula hyodysenteriae and Serpula innocens with other spirochetes. In order to further assess whether Serpula hyodysenteriae and Serpula innocens are phylogenetically related to other spirochetes, a single-base signature analysis of aligned sequences was performed; that is, bases unique to spirochetes were identified ( , Serpula hyodysenteriae B204, B78T, B169,  and A-1, respectively; lanes 6 and 7, Serpula innocens B256T bacterial 16s rRNA sequences were screened for these single-base signatures. Our findings showed that the Serpula hyodysenteriae-Serpula innocens cluster represents a distinct, although distantly related branch of spirochetes. These findings agree with the conclusions of 16s rRNA oligonucleotide cataloging studies (38, 52) .
A region of the 16s rRNA of Serpula hyodysenteriae represents a possible signature sequence for this organism ( Table 6 ). The sequences of nucleotides in this region were identical for three strains of Serpula hyodysenteriae and different from the sequences for other spirochetes, notably Setpula innocens (Table 6 ).
DISCUSSION
Our studies were aimed at assessing the genetic relatedness and determining the phylogenetic relationships of Serpula hyodysenteriae, Serpula innocens, and other spirochetes. The methods which we used were based on comparing either large portions of the genomes (SDS-PAGE of cell proteins, DNA-DNA reassociation, restriction endonuclease analysis) or 16s rRNAs, a ubiquitous and practical molecular chronometer (51) . Each technique has been used extensively for classification or identification of bacteria. As discussed below, our results confirmed that Serpula hyodysenteriae and Serpula innocens are related but distinct species of spirochetes and indicated that these two bacteria are incorrectly classified as Treponema species. Information from our studies should be useful for identifying Serpula hyodysenteriae both in pure culture and in clinical samples.
Serpula hyodysenteriae and Serpula innocens are properly classified as spirochetes. These bacteria have an ultrastructure that is characteristic of spirochetes (13, 23) . In addition, both species share with the other spirochetes tested the same nucleotides at certain base positions in their 16s rRNA molecules ( Table 5 ). Previous investigators have identified spirochete signature sequences and single-base signatures in the 16s rRNA of Serpula hyodysenteriae (38, 51, 52) . (12, 20) but indicated that these species should be assigned to the same genus. Protein electrophoresis results were correlated with DNA-DNA reassociation results, as has been found for other bacteria (12, 17) . The electrophoretic profiles of cell proteins were 296% similar when Serpula hyodysentenae strains were compared, 79% similar when Serpula innocens strains were compared, 38 to 45% similar when Serpula hyodysentenae and Serpula innocens strains were compared, and not detectably similar (23 to 31%) when Serpula hyodysenteriae was compared with T. bryantii, T. succinifaciens, or E. coli (Fig. 1 and Table 2 ). Joens and Marquez described different electrophoretic patterns for Serpula hyodysenteriae B204 and Serpula innocens B256T, a1 though these two strains had a large number of common antigens (18) . Finally, Serpula hyodysenteriae strains were separated from Serpula innocens strains by the results of a computer analysis of 16s rRNA sequence data (Fig. 3 ). All of these results indicate that Serpula hyodysenten'ae and Serpula innocens are distinct species that belong to the same genus. The numbers above the diagonal are uncorrected percentages of similarity, and the numbers below the diagonal are percentages of difference corrected for multiple base changes.
Serpula hyodysenteriae and
Although Serpula hyodysenteriae and Serpula innocens are distinct species, there was an average level of similarity between their 16s rRNA sequences of 99.3% ( Table 4 ). This high level of similarity was unexpected, in view of the estimated level of DNA homology of 40% (Table 3 ). Generally, different species of a genus have levels of 16s rRNA sequence similarity of 95 to 97% (8, 37) . Apparently, for these species there are constraints on base modifications in the 16s rRNA gene that are not imposed on other genes. Substantial evidence indicates that Serpula hyodysenteriae and Serpula innocens are not closely related to treponemes or to other spirochetes for which phylogenetic information is available. The DNAs of these two species have G+C contents of 26 mol% ( Table 1) . This base composition is substantially lower than the values for DNAs from other treponemes (range, 36 mol% for T. bryantii [46] to 53 mol% for T. pallidurn [34] . coli 16s rRNA (3) . Nucleotides present in bacteria other than spirochetes (approximately 250 species were examined). Exceptions are at positions 359 (one species has U), 361 (two species have A), 893 (three species have U), and 1415 (one species has C).
' Nucleotides present in strains of Serpula hyodysenteriae, Serpula innocens, and all other spirochetes examined ( Table 4 ). (Table 2) (35) . T. pallidurn is the type species of the genus Treponema (42) . 16s rRNA analyses in which either oligonucleotide cataloging (38) or sequencing has been used ( Fig. 3 and Table 4 ) have shown that Serpula hyodysenteriae and Serpula innocens are distinct from other known spirochetes and represent a unique branch of spirochete evolution. Serpula hyodysenteriae has physiological characteristics (that is, a requirement for cholesterol [29, 471 and a pathway for producing H2 from NADH [45] ) which have not been reported for other spirochetes. Finally, on the basis of ultrastructure comparisons, Hovind-Hougen concluded that Serpula hyodysenteriae is distinct from T. pallidurn (13a) .
homology with T. succinifaciens, T. phagedenis, T. refringens, or T. pallidurn
In view of the genetic, physiological, and morphological characteristics distinguishing the species Serpula hyodysenteriae and Serpula innocens from species of the genus Treponerna, we propose that these two organisms be removed from the genus Treponema and be assigned to a new genus. For this genus we propose the name Serpula. Descriptions of the genus and both species are given below.
Sachse and Blaha (39) believed that the low G+C content of Serpula hyodysenteriae DNA was primary evidence that this spirochete is related to Borrelia species, which have G+C contents of 27 to 30 mol% (16). Schmid and co-workers presented evidence from DNA-DNA hybridization studies that B . burgdorferi and Borrelia hermsii are only distantly related to Serpula hyodysenteriae (41) . The 16s rRNA sequence of Serpula hyodysenteriae is quite distinct from that of B . burgdorferi (Fig. 3 ) and that of B . herrnsii (38) , an indication that Serpula hyodysenteriae is only distantly related to these Borrelia spp. and is not a species of the genus Borrelia.
The species Serpula innocens is not well defined. Knowledge of the biochemical, physiological, and cultural characteristics of nonpathogenic spirochetes of swine is limited. Strains considered to be Serpula innocens differ from each other in their protein electrophoretic patterns (4, 30) and in their physiological traits (30) and may actually represent more than one species (30). As reported here (Tables 2  through 4 and Fig. 3) and elsewhere ( 3 9 , type strain B256 and strain 4/71 are closely related and are properly assigned to the same species. To facilitate interpretation of research results and exchange of information among laboratories, we urge that future investigations of Serpula innocens strains include strain B256T or 4/71.
A definitive method for identifying an organism as a strain of Serpula hyodysenteriae would be to demonstrate a high percentage (>70%) of DNA sequence homology between the organism and a known Serpula hyodysenteriae strain. For example, a human intestinal spirochete was recently identified as a strain of Serpula hyodysenteriae on the basis of DNA-DNA reassociation values of 90 to 95% (7) . Although DNA hybridization methods are considered conclusive, they are also fairly complicated, involving protocols not commonly used.
We found a common electrophoretic banding pattern for the cell proteins of four strains of Serpula hyodysenteriae (Fig. 1 and Table 2 ). In a previous study, common electrophoretic patterns were observed for 11 strains of Serpula hyodysenteriae (4) . SDS-PAGE of bacterial proteins is a relatively easy and inexpensive procedure that could prove to be useful for identifying Serpula hyodysenteriae in pure culture.
Restriction endonuclease analysis could not distinguish Serpula hyodysenteriae strains from Serpula innocens strains because a restriction endonuclease pattern common to Serpula hyodysenteriae strains was not found. This finding is consistent with that of Combs et al. (5) . Restriction endonuclease analysis may be useful for identifying particular strains of Serpula hyodysenteriae (5) .
A promising method for identifying Serpula hyodysenteriae which is both practical and reliable could involve nucleic acid probes. A nucleotide sequence in the 16s rRNA distinguished strains B78T, B204, and A-1 from all of the other bacteria examined ( Table 6 ). We are currently testing radiolabeled oligonucleotide probes complementary to this region for their usefulness both in identifying Serpula hyodysenteriae strains and in detecting cells of this pathogen in clinical samples. Description of Serpula Stanton, Jensen, Casey, Tordoff, Dewhirst, and Paster gen. nov. Serpula (Ser'pu.la. L. fem. n. Serpula, a little serpent [53] ). Unless otherwise indicated, the information below was taken from previous descriptions of T. hyodysenteriae and T. innocens (11, 23, 42) . Helical cells with loose, regular coils, 7 to 9 pm by 0.3 to 0.4 pm. Gram reaction negative. Typical spirochete ultrastructure consisting of outer sheath, protoplasmic cylinder bounded by a cytoplasmic membrane, and endoflagella inserted at each end of a protoplasmic cylinder and lying between the outer sheath and the protoplasmic cylinder. Eight or nine flagella are inserted at each end of a cell. Motile; flexing and creeping at 22°C; translational movement at 37 to 42°C.
5'-CGGAAACGCCUCGGAUACUGUAAGUC-3' CGGGAACGCCUCGGAUACUGUGAGUC c G G A A~G C G U~G G A A A c UG c AG
Host associated. Isolated from intestinal contents and feces of swine and other mammals. One species, Serpula hyodysenteriae, is enteropathogenic for swine.
Chemoorganotrophic (43) or a combination of spectinomycin, colistin, vancomycin, rifampin, and spiramycin (26) .
At specific base locations in the 16s rRNA, Serpula species contain spirochete signature nucleotides (38,52; this study). The genus Serpula is differentiated from other spirochete genera on the basis of DNA homology or 16s rRNA sequence similarity data. A 16s rRNA signature region for three strains of Serpula hyodysenteriae and two strains of Serpula innocens has the following sequence: 5'-CG GRAACGCCUCGGAUACUGURAGUC-3', where R is A or G (this study). This sequence corresponds to E. coli 16s rRNA base positions 625 to 650 (3).
The G+C contents of the DNAs of the strains tested are 25 to 26 mol%. The type species is Serpula hyodysenteriae. . In addition to the characteristics described above for the genus, Serpula hyodysenteriae grows at 38°C in a variety of anaerobically prepared culture broth media (22, 25, 48) . Although considered anaerobic, growing cells under certain conditions require low (1%) oxygen tensions and consume substrate amounts of oxygen (48) . Population doubling times are 3 to 5 h in broth media at 38°C. Growth substrates include D-fructose, D-glucose, sucrose, ~-galactose, ~-trehalose, N-acetyl-D-glucosamine, D-glucosamine , D-mannose , maltose, pyruvate, and lactose (30, 48) . D-Fucose, L-fucose, D-ribose, D-raffinose, D-melibiose, D-cellobiose, L-arabinose, D-xylose, N-acetyl-D-galactosamine, D-galactosamine, D-manni-. tol, glycerol, amino acids, and various other compounds do not support growth (30, 48) .
Description of
Growing cells of strains B78T, B204, and B169 consume glucose and oxygen and yield (per milliliter of culture broth) 14 kmol of acetate, 2 pmol of butyrate, 26 pmol of H,, and 12 pmol of CO, (48) . Cells possess NADH oxidase, superoxide dismutase, and NADH peroxidase activities (45) . Hydrogen is produced via a clostridial-type phosphoroclastic mechanism and via a pathway that contains NADH: ferredoxin oxidoreductase (45) .
Classification of strains according to serotypes is based on soluble antigens found in the water phase of cells extracted with hot phenol-water (2, 10, 32) .
Exhibits alkaline phosphatase, C4 esterase, C8 esterase lipase, phosphatase acid, P-galactosidase, a-glucosidase, and p-glucosidase activities (15) .
Cholesterol in nutrient amounts is required for growth (29, 47) . Cholesterol is reduced to cholestanol, and both sterols are associated with cell membranes (44) .
The Serpula hyodysenteriae strains which have been examined have a common banding pattern of proteins on electrophoretic gels (4; this study). Does not exhibit DNA homology (4%) with T. succinifaciens, T. pallidum, T. phagedenis, or T. refringens (35; this study). Exhibits low levels of DNA homology (28 and 40%) with Serpula innocens (35; this paper). Serpula hyodysenteriae can be differentiated from Serpula innocens on the basis of its enteropathogenicity for swine, the type of beta-hemolysis around colonies, protein electrophoretic profiles, and DNA homology data. Serpula hyodysenteriae B78T, B204, and A-1 have a unique 16s rRNA region corresponding to E . coli base positions 625 to 650 (3) and containing the following sequence: 5'-CGGAAACGCCUCGGAUACUGUAAGUC-3' (this study).
The type strain is strain ATCC 27168 (= B78). Description of Serpula innocens comb. nov. Serpula innocens (basionym, Treponema innocens Kinyon and Harris 1979) (in'no-cens. L. adj. innocens, doing no harm). In addition to the characteristics described above for the genus, colonies on Trypticase blood agar plates are weakly betahemolytic. Not enteropathogenic for swine.
Isolated from intestinal contents and feces of swine and dogs.
Exhibits no ( 5 5 % ) DNA homology with T. pallidum, T. phagedenis, T. refringens, or T. succinifaciens and low levels of DNA homology (28 to 41%) with Serpula hyodysenteriae (35; this paper). Exhibits extensive (99 to 99.4%) 16s rRNA sequence similarity with Serpula hyodysenteriae (this paper). Serpula innocens B256T and 4/71 have a unique 16s rRNA region corresponding to E. coli base positions 625 to 650 (3) and containing the following sequence: 5'-CGG GAACGCCUCGGAUACUGUGAGUC-3' (this study).
The type strain is strain ATCC 29796 (= B256).
